Materials and Syntheses
All chemicals and reagents were purchased from Sigma-Aldrich unless noted. Water (18.2 MΩ) was purified using Milli-Q system. All solvents were dried and distilled using common techniques unless otherwise mentioned. All reactions are carried out under a N 2 -atmosphere.
Synthesis of ligand L (N,N'-dimethyl-N-N'-bis(2-mecaptoethyl)-ethylenediaminato).
The synthesis of the ligand L was synthesized by modification of published procedures. 1 A solution of N,N-dimethyl-1,3-ethanediamine(4.6861g, 53.16 mmol) in 5 mL benzene was placed in Schlenk reaction tube and the temperature was raised to 40ºC. Propylene sulfide (8.2 mL, 111.64 mmol) in 5 mL benzene was then added dropwise, the temperature was raised to 80ºC. The mixture was stirred overnight at 80 ºC. The oily product was washed with 4x 10 mL of distilled water in a 125 mL separatory funnel. The ligand L solution was then dried over MgSO 4 and gravity filtered into a tarred 25 mL round-bottom flask. The benzene was removed to yield a colorless viscous liquid (6.7577g, 24.13 mmol, 45.4% yield). 1 H NMR (500 MHz, d 6 -DMSO): δ (ppm) = 2.4-2.8 (m, 8H), 2.2 (s, 6H), 2.1 (s, 2H). 
Synthesis of complex 1 (N,N'-dimethyl-N-N'-bis(2-mecaptoethyl)-ethylene diaminato) nickel(II)
.
Instrumentation
UV-vis absorption spectra were recorded on a UV-2100 (Shimadzu) spectrophotometer.
Steady-state fluorescence spectroscopic studies in solution were performed on a ThermoFisher spectrophotometer with a xenon arc lamp as light source. Samples for absorption and emission measurements were contained in 1cm×1cm quartz cuvettes. C, H and N microanalyses were carried out with a CE instruments EA 1110 analyzer. to enhance the signal intensity. The pressure of nebulizing nitrogen, the flow rate of desolvation gas, and the temperature of desolvation gas were set to 8 psi, 1L/min, and 250 ºC, respectively. The experimental powder X-ray diffraction (PXRD) was measured on a Panalytical X-Pert Pro diffractometer with Cu Kα radiation equipped with an X'Celerator detector. X-ray single crystal diffraction measurement was done on a Rigaku R-AXIS RAPID Image Plate single-crystal diffractometer. SHELXS-97 and SHELXL-97 were used to solve and refine the crystal structure.
Electrochemical Experiments
Cyclic voltammogram was conducted on an electrochemical workstation (CHI 650E) using a three-electrode single-compartment cell (glassy carbon working electrode, Pt wire auxiliary electrode and saturated calomel reference electrode) at room temperature. All measurements 
Photochemical Experiments
For photoinduced hydrogen evolution, solutions of FL (1 mM 
Computational Details
All calculations were carried out using the Gaussian 09 program. 5 The hybrid density functional (U)B3P86 6 was used in combination with the standard 6-311+G(d,p) basis set. 7 All structures were fully optimized in acetonitrile (MeCN) solvent (ε = 35.688) using the PCM method. 8 Vibrational analyses at the same level of theory were performed to confirm each stationary point to be either a local minimum or a transition state (TS), and to obtain thermal corrections. 9 The connection of each TS to its corresponding reactant and product was confirmed by IRC (intrinsic reaction coordinate) calculations. 10 Because thermal corrections based on the ideal gas phase model overestimate entropy contributions to free energies for reactions involving component change, 11 a relative free energy correction of 4.3 kcal mol -1 was added to the product state of H 2 release step.
Acetic acid was used as proton donor to calculate the free energy changes for protonation step through following equation:
where B is proton acceptor. Because the acetic acid was excessive to catalyst with a ratio of about 100:1, a correction of 2.7 kcal mol -1 was added to the standard free energy change of protonation step based on van't Hoff formula:
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where G° is standard free energy change, R is mole gas constant, T is temperature and Q is reaction quotient.
The reduction potential was determined using isodesmic reaction 12 with the reduction of 1 to 2e as the reference reaction (E°r ef = -1.92 V vs. SCE determined by experiment):
where Ox and Red is oxidant and reductant respectively. The free energy change G o of this isodesimic reaction was used to calculate the reduction potential E o of desired reaction using following formula:
where F is Faraday's constant. 
XRD, ESI-MS and UV-vis
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Electrochemical Studies
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Electronic Supplementary Information (ESI) for Chem. Comm. Comments: Considering that the Zn(II) is redox inactive, one oxidation peak at 0.50 V is likely assigned to the ligand-centred oxidation, which indicates that the N 2 S 2 ligand is non-innocently behavior. 
Fig. S9
The electronic absorption spectra of complex 1 before and after 1.5 h electrolysis. 
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Photochemical Studies
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Electronic Supplementary Information (ESI) for Chem. Comm. Comments: In photodriven catalytic systems, two electron transfer reaction pathways are possible. One is that the photoexcited FL * might be oxidatively quenched by the WRC to generate [FL] •+ . The other is that the photoexcited FL * could be reductively quenched by the TEA to produce [FL] •-, which delivers an electron to the WRC for proton reduction to H 2 . To determine the dominant reaction pathway in the system, the luminescence of the excited photosensitizer FL * , in deaerated H 2 O at pH 11.6 is undertaken as a function of both TEA and separately, 1 concentration (Fig. S15-S16 , ESI ‡). Stern-Volmer analyses yielded the quenching constants for the system. The rate constants for reductive quenching of FL * by TEA and oxidative quenching by 1 are 2.6 ×10 7 and 9.8 ×10 9 M -1 s -1 , respectively. These results show that the quenching processes are diffusion controlled. Although the rate constant for oxidative quenching is about 400 times larger than that of reductive quenching, the reductive quenching process is still dominant given the much higher concentration of TEA (0.36 M) relative to 1 (10 μM). Due to the dominant reductive process, FL should bleach much more rapidly because of the instability of [FL] •-formed, leading to the S15 Electronic Supplementary Information (ESI) for Chem. Comm.
deactivation of the photocatalytic system as mentioned above.
DFT Calculations
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Fig. S17
DFT-computed electrocatalytic mechanism of hydrogen production.
Molecular Geometries and Energies
B3P86 (PCM, MeCN) Cartesian coordinates and energies in Hartree AcOH
Number of imaginary freguencies: 0 Charge = 0, Multiplicity = 1 C - 
